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ISOLATION, CHARACTERIZATION AND DIFFERENTIATION OF 
SOME COUMARINS AND FLAVONOIDS IN GRAPEFRUIT 
y 


James F. Fisher and Harold E. Nordby 
Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 

This investigation is part of a comprehensive study of the composition 
of citrus products and the relationship of composition to quality. During 
this work, a number of regions on thin-layer chromatoplates showed under UV 
light a fluorescence characteristic of coumarins. 

This paper reports the isolation of nine coumarins found in Florida grape- 
fruit. Five gallons of cold-pressed Florida grapefruit peel oil were con- 
centrated at a ratio of 12:1 with an Arthur F. Smith rotafilm molecular Still, 
at 60-65° (6 mm), to a residue of 1200 ml. This residue was extracted with 
acetonitrile. The acetonitrile was removed with a rotary evaporator at 60° 
(6 mm), affording the crude coumarin extract. 

Chromatographic separations were achieved using silica gel with hexane 
and hexane-ethyl acetate and on 100 g of neutral alumina (80-200-mesh) in a 
25 X 520 mm column employing hexane and hexane-benzene (1:1) solution. 

Aliquots of the fractions were spotted on thin-layer chromatoplates and 
developed. The chromatoplates were examined under ultraviolet light and sprayed 
with FeC13-K3Fe(CN)6 reagent, which instantly detected phenolic compounds as 

dark blue areas. Nonphenolic psoralens were observed as light-blue areas 

after the application of heat. Under ultraviolet light, coumarins fluoresced 
violet to blue whereas psoralens were reddish-brown to yellow. Various fractions 
were combined according to their Re values and fluorescence on thin-layer 


chromatoplates. Table 1 lists the fractions as combined off the silica gel 


column and the coumarins isolated. 


Baer yp ap ind ig ek 
a1 3. - ; s 
ie 


ac ‘ I 2 hand ’ | ee 7 ie 
nottiaogmos ext to ehute setulae a to 094 al -xote pove! 


soluci .ydthfavp ot noldiaogmos to gifancisalex sdt ‘oe ad oube 

Vi tebey fevorle setalqotancido rayel~ntdd oo asotyes te eli B — alrit 
-eotinawoo to oldelretostaio whenmeregass 8 tight 

~aqe'ty shitol! nt bovot satiamvos esta Yo notteloat sit afiogex wegeg eist 


eres 


-oo exew Lio Iseq tiuttegary sbltol% beranzq-blos to sooliey svt etuxt 
iitve yluselom wlitesor d3ina .% wwiftth a dfty I1Sl to oltes 8 ts bedexsnee 
div botopsixe asw eubteet etcl .fm OOSE to eubiest a of «(im 3) "S08 js 
—*08 ts sodesnaave trator 8 ditw bevenst anv sfittinotere eff ef irtinodens 
| Joatixe citemsod six acd gnsbuodte (an 3) 
susxen atiw fen actita notau bevetdos svew aroltateaqss otda eruatamosdD 
8 at (aem-006-08) antmits fawuen to a OOL 10 bria- siatoos iudte-ensxed Bas 
nottulon {I:1) enesnsd-snaxed bos aia natyolans muwloo tun OS? xs 
bas ssielqotsnoulo teyelenidt no bestoge Siew anoltost? okt ‘to evouplia 
sexi bas tight tefotvaitiu xebe beatmexs sxsw estalgovamoats, edt eee 
88 shaioqmos olfodedq betoeteh vidandant dokitw _dosnasx af) eg (~edSt 
esets ould-sdytl es bevisedo exsw sasieioay re — 4 st 
beseotoul? enitauiog igh soLotverttss ae pi i? ant 
ecoltoer? auodtsy vol Ley ot nword -dabiber: ew 
toyefentis ao Sounena eat — beds 08 pal bt9008 —- ra o 
- fog sollia ont 7, Pantdnoo ae ping x a8 ot sno" 


2 ee —— pa 


“s, 


i 
a 


The coumarins, 7-geranyloxycoumarin and osthol and the psoralen bergaptol, 
all previously reported in grapefruit were identified by IR, UV, NMR, and 
mass spectrometry, as well as, Re values. 

5-/ (3,6-dimethyl-6-formy1-2-hepteny1) oxy_/-psoralen, T-methoxy-8- 
(2-formyl-2-methylpropyl)-coumarin, and 7-/ 6,7-dihydroxy-3,7-dimethy1-2- 
octeny1) oxy_/-coumarin are new compounds. The last compound was found earlier 
in grapefruit but its structure was not elucidated until now. Bergamottin, 
limettin, and bergapten are known compounds but have not been previously 
reported in grapefruit. 

Concentration of fractions 18-24, from the silica gel column, followed 
by further purification on the alumina column, separated a compound which 
fluoresced yellow under ultraviolet light. Mild acid hydrolysis afforded 
bergaptol, which was identified by spectroscopic means. The NMR spectrum of 
the compound isolated from fractions 18-24 was consistent with the structure 
of bergamottin. The compound was identified as bergamottin by comparing its 
infrared, ultraviolet, and mass spectra, as well as its Re values, with 
those of authentic bergamottin. 

Fractions 89-99 afforded solid material from which a blue fluorescent 
compound was isolated by preparative thin-layer chromatography. The compound's 
IR, UV, and mass spectra, as well as Re values, were identical with those of 
authentic limettin. 

Fractions 100-110 afforded crystals which were repeatedly recrystallized 
from acetone to a constant melting point of 188-189°. The admixture melting 
point with authentic bergapten remained unchanged. The Rep values of this 
compound and authentic bergapten were identical, as were their IR, UV, NMR, 


and mass spectra. 
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Fractions 128-136 furnished a compound which was observed to be pure 
by thin-layer chromatography in five different solvent systems (Fig. 1) and 
which on thin-layer chromatoplates showed a positive aldehyde reaction when 
sprayed with 2,4-dinitrophenylhydrazine. This reaction was not observed 
with nonformylated psoralens. This compound fluoresced yellow under UV light. 
The fluorescence excitation and emission spectra showed peaks at 348 mu and 
465 mu, respectively. 

The compound melted from 134-136°. It showed a negative magnesium- 
hydrochloric acid test for flavonoid compounds. The elemental analysis agreed 
with a molecular formula of Co, Hoo Os. The UV spectrum is characteristic of 
a psoralen. Addition of base did not shift the UV spectrum, indicating the 
absence of a free phenolic hydroxyl group. The IR spectrum displayed bands 
at 2720 and 1730 eo ee compound containing only one carbonyl function 
these bands would be highly suggestive of an aldehyde. However, since the 
coumarin lactone ring also adsorbs in the region of 1730 ariel this band can 
only be used ss evidence for the presence of a carbonyl group. Bands in the 
1550-1630 em™~ region are characteristic of an aromatic ring. A band at 
1080 em” + is due to a benzofuran structure. 

When this compound was warmed with aqueous methanolic KOH a yellow 
potassium salt was formed that relactonized on acidification. This is a 
reaction which is characteristic of coumarins. Mild acid hydrolysis gave 
5-hydroxypsoralen, a reaction which is characteristic of an allylic ether 
substituent at C-5 of psoralen. 

The NMR signals were in excellent agreement with the proposed structure. 

The mass fragmentation pattern showed prominent ions characteristic of 
the fragmentation of the allylic side chain which is readily accomplished 
under electron impact, thus, a parent peak or molecular weight was not 


obtained. Fission of this side chain & to the ether oxygen with hydrogen 
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rearrangement gave ion m/e 202 corresponding to the 5-hydroxypsoralen fragment 
and ion m/e 153 corresponding to the aliphatic aldehyde fragment. The facile 
loss of CO, characteristic of the a@-pyrone ring, gave ion m/e 174 from ion 
m/e 202, 

Fractions 159-167 afforded a compound which after recrystallization lst 
from ethyl alcohol and then from a 3:1 mixture of hexane and ethyl acetate 
gave fine white needles melting from 137-138°. 

This compound shown in Fig. 2 was observed to be pure by thin-layer 
chromatography in five different solvent systems. On thin-layer chromatoplates, 
it displayed a positive aldehyde reaction when sprayed with 2,4-dinitrophenyl- 
hydrazine. This reaction was not observed with nonformylated coumarins. 

Under UV light it showed a purple fluorescence. The fluorescence 
excitation and emission spectra displayed peaks at 352 mu and 390 mu, respect- 
ively. The bathochromic shift observed in the emission spectrum of the 
previous compound relative to that seen for this one is ascribed to the furano 
structure of psoralens. The UV spectrum is characteristic of a coumarin and 
was unchanged by the addition of base. The IR spectrum disclosed bands at 
2820, 2720 and 1720 em” >, As in the case of the previous compound the band 
at 1720 em™+ can only be used as evidence for the presence of a carbonyl 
group. A band at 1590 en” + is characteristic of an aromatic ring. ‘The 
compound showed a negative magnesium-hydrochloric acid test for flavonoid 
compounds but formed a yellow potassium salt that relactonized on acidifica- 
tion. Under acidic hydrolytic conditions it remained unchanged. 

The NMR analysis is in excellent agreement with the proposed structure. 

The molecular weight as determined by mass spectrometry was 260. Other 


major ions were consistent with the structure as shown. 
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The residue from fraction 191 was recrystallized first from ethanol 


and then from ethyl acetate giving crystals, m. p. 124-125° and 


28 
Lal =+27° (Fig. 3). The elemental analysis agrees with a molecular 
formula of Cig Ho) Os. A hydroxyl determination showed that this compound 
contained two hydroxyl groups. ‘The UV absorption spectrum is characteristic 
of a coumarin and is unchanged by the addition of base, indicating the absence 
of a free phenolic hydroxyl group. The IR absorption spectrum discloses 
bands at 3550, 3400, 1725, and 1615 em™+, ‘he first two bands are in the 
hydroxyl region while the latter two are indicative of the coumarin lactone 
ring and an aromatic ring, respectively. A molecular weight of 332 is obtained 
by mass spectrometry. Figure 4 shows the partial fragmentation of this 
compound under electron impact. 

The NMR spectrum discloses signals that are in complete accord with the 
proposed structure(Fig. 5). 

\, EtOH 
_ The fluorescence excitation and emission spectra shows va 352 mu and 
Saar 390 mu; these values are in the range obtained for similarly constituted 

coumarins. 

The sum of the physical evidence indicates the constitution of this 
compound to be 7-/(6',7'-dihydroxy~3',7'-dimethyl-2'-octenyl)oxy_7-coumarin. 

This conclusion is confirmed by the following chemical evidence. The 
compound gives a negative magnesium-hydrochloric acid test for flavonoids. 
Mild acid hydrolysis gives 7-hydroxycoumarin, a reaction which is characteristic 
of an allylic ether substituent at C-7 of coumarin. Lead tetraacetate 
oxidation gives acetone and an aldehyde. This can be seen in Figure 6. The 


aldehyde was confirmed by elemental analysis, IR, UV, NMR, and its 2,4-DNPH 


derivative, as was the acetone. 
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The differentiation of the flavonoids naringin and its tasteless isomer 
naringenin-7B-rutinoside by NMR has been reported by Dr. Mabry of the 
University of Texas. This was accomplished by preparing the trimethylsilyl 
ethers or the acetates of the flavonoids. We have found that it is not 
necessary to prepare derivatives if the free flavonoids are dissolved in 
pyridine and the NMR analysis conducted. Figure 7 shows the partial NMR 
spectrum of a 1:1 mixture of naringin (bitter) and naringenin-7f-rutinoside 
(tasteless) in pyridine. The absorptions (doublets) are due to their methyl 


protons at 1.75 and 1.55 p.p.m., respectively. 
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Table 1 


Coumarins and psoralens separated on silica gel and ob- 
tained from the various hexane-ethyl acetate eluate 
fractions. 


Practionswalotalges9 StOAG)) «© zs oie 
Coubined volume in eluate _____ Compound isolated _ 
18-2) 6-0 2.5 bergamottin 
25-59 40.0 pals 7-geranyloxycoumarin 
60-70 Ie) 2aD osthol 
89-99 8.0 5.0 limettin 
100-110 der Pyle) bergapten 
128-136 9.0 7.5 5-/(3,6-dimethyl1-6- 
formy1-2-hepteny1) oxy/- 
psoralen 
159-167 10.0 Ae 7-methoxy-8- (2-formyl-2- 
methylpropyl)-coumarin 
189-190 ree 100 bergaptol 
191 1.0 100 7-/(6,7-dihydroxy-3,7- 


dimethy1-2-octeny1) oxy/- 
coumarin 
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SOME ASPECTS OF CAROTENOID PIGMENT FORMATION IN DESERT GRAPEFRUIT 
Henry Yokoyama and Michael J. White 
Western Utilization Research and Development Division 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 

The carotenoids in the peel of the Marsh seedless grapefruit were 
studied at various stages of maturity of the fruit. 

The green peel contains the same major carotenoids as the leaves, 
and the colorless polyenes, phytoene and phytofluene, occur only in trace 
amounts in both green peel and leaves. This phenomenon appears to be 
invariable in all photosynthetic tissues, so that a uniform pattern of 
carotenoids is always found in both the green plant and the green peel. 
However, as the fruit ripens and its photosynthetic ability disappears, 
control of carotenoid synthesis is removed; and the ripe fruit exerts its 
own individual ability for non-photosynthetic synthesis and accumulation 
of carotenoids, The distribution pattern of the carotenoids then varies 
with degree of maturation. 

In early season fruit (at full maturity, shortly after the disappear- 
ance of chlorophyll), phytoene is still present only in trace amounts; but 
a rapid buildup of phytofluene and an y-carotene-like compound has increased 
these two components to nearly 36% of the total carotenoids, This behavior 
of the n-carotene-like component of ripening fruit has been observed in a 
number of other citrus fruits, It is usually present in the fruit at the 
stage of maturity coincident with the disappearance of the green color from 
the flavedo, but on further ripening it disappears, 

By contrast, in midseason fruit, the colorless phytoene constitutes 
the main constituent in the peel and accounts for nearly 51% of the total 


carotenoids, This accumulation, of phytoene is of significant interest. In 
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ripening fruit, the development of the ripe color (colored carotenoid pigments) 
begins prior to the decrease in chlorophyll, This is the active period of 
carotenoid pigment formation, With the disappearance of chlorophyll (green 
color) and further ripening of the fruit, there is a decrease in the total 
colored carotenoid content of the flavedo, That is, no net synthesis of 
total colored carotenoids nee However, during this same period, phytoene 
accumulates rapidly in the flavedo, This suggests that with the disappear- 
ance of photosynthetic ability an inhibition of carotenogenesis occurs which 
permits phytoene to accumulate, but does not allow it to be converted on to 
phytofluene and to colored carotenoid pigments, The nature of the inhibition 
or blockage remains to be investigated; but whatever its nature, it seems 
apparent that the blockage is piereecsce for the very light color of ripe 
desert grapefruit, | 
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Scheme for the conversion of phytoene into fully 


saturated carotenes and xanthophylls., 
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9/14/66 
REVIEW OF ANALYSES OF "@FF-FLAVORS" IN AGED FOAM-MAT 
~~"ORANGE CRYSTALS AND MODEL SYSTEMS —~ 
oe 


v. 
Philip BE. Shaw, James H. Tatum, and Robert E. Rerry 


Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 

Foam-mat dried orange crystals of good initial quality develop 
detectable changes in flavor after two to three weeks at 85° F. when 
compared to controls stored at 0° F. Grapefruit crystals, on the other 
hand, can be stored for twelve weeks or longer at 85° F. before a detectable 
change in flavor occurs. At higher temperatures and longer periods of 
storage both develop characteristic objectionable flavors. We have under- 
taken a study to determine the nature of the changes occurring in orange 
crystals during storage. We have also examined grapefruit crystals after 
storage to compare the changes that occur with those in orange crystals. 

In an initial publication, we described the qualitative detection of 
5-hydroxymethylfurfural in stored orange crystals by thin layer chromatography. 
This compound has no appreciable odor, and so is unlikely to be responsible 
for changes in flavor that develop. However, it did appear to be indicative 
of other changes which had occurred. It was previously known that 
5-hydroxymethylfurfural could be produced from fructose upon heating under 
acidic conditions. We heated a model system of pure fructose in water which 
had been adjusted with citric acid to the approximate pH of orange juice. 
The products we isolated from this model reaction were furfural, acetylformoin, 


5-methylfurfural, isomaltol, 2-hydroxyacetylfuran, 2-hydroxyacetylfuran 
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formate, 4-hydroxy-2-hydroxymethy1-3(2H)-furanone, 5-hydroxymethylfurfural, 
formic acid, acetic acid, and levulinic acid. 

We had previously worked out an extraction procedure with "off-flavor" 
orange crystals which afforded a fraction showing, by thin layer chromato- 
graphy, some of the same products that were produced in the fructose 
degradation. Our extraction procedure involved separation of the carotenoid, 
flavonoid, and furan derivatives from pectins and sugars by ether 
extraction and then separation of the water-soluble flavonoids and furans 
from the carotenoids by washing. Vacuum distillation separated the furanoid 
components from the less-volatile flavonoids. The distillate containing 
the furans was separated by gas chromatography. 

From the furan fraction we identified all of the compounds that we 
had found in the fructose degradation above except for isomaltol, 
hydroxyacetylfuran formate, and formic acid. In addition, we identified 
several other components of this fraction from "off-flavor" orange crystals 
which could not be detected in fresh orange crystals by the same analytical 
procedure. 

Some of the products that we have identified possess odors that would 
be considered objectionable if detected in orange juice. Thus, acetylformoin 
and levulinie acid have strong caramel-like odors, and methylcyclopenteno lone 
has such a strong maple-like odor that it is used commercially in food 
products to give them that flavor. The odor of 4-hydroxy-2-hydroxymethy1l- 
3(2H)-furanone is more like charred sugar. Furfuryl alcohol and y-butyrol- 
actone have odors resembling that of rancid fat. Five other components all 


have unpleasant odors similar to that of furfural. These materials are all 
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present in such small amounts that their individual contributions to the 
"off-flavor" that develops has not been determined. Ten of these 
fractions, when combined and added to control orange juice, gave it a 
flavor very similar to that encountered from stored orange crystals. 

Analysis of grapefruit and orange crystals by our procedure revealed 
that samples of both products which had developed "“off-flavors" contained 
the same furan derivatives in about the same quantities. 

Limited success has been achieved so far in attempts to slow down the 
browning reaction that causes "off-flavors" to develop upon storage. Thus, 
decreasing the moisture content of orange crystals from three to one 
Percent resulted in a slightly longer storage life, as did addition of 


bisulfite. Reducing moisture below 1% had little further effect. 
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A THIN-LAYER CHROMATOGRAPHIC-COLORIMETRIC METHOD FOR 
THE DETERMINATION OF NARINGIN IN GRAPEFRUIT 


James F. Fisher, Harold saree and Theo. J. Kew 
Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 

The principal flavanone glycoside in grapefruit is naringin, which is the 
7B-neohesperidoside of naringenin. This is the compound primarily responsible 
for the bitterness of grapefruit. Its isomer, the 7B-rutinoside of naringenin 
also present in grapefruit, is tasteless. Other compounds present in grape- 
fruit such as limonin and poncirin are secondary contributors to bitterness. 

Because bitterness is frequently cited as the principal deterrent to the 
profitable marketing of grapefruit products, several procedures have been 
reported for the determination of naringin. The Davis test, when applied to 
whole grapefruit juice, suffers from the disadvantage of not being able to 
differentiate between naringin and its tasteless isomer. Therefore, it is 
not a reliable measure of naringin bitterness. The chromatographic-fluoro- 
metric method reported by Hagen and co-workers appears to be reijavies How-~ 
ever, it is somewhat involved for routine determination of grapefruit bitter- 
ness. | 

This paper reports a relatively simplified quantitative determination 
of naringin employing a modification of both the thin-layer chromatographic 
system reported by Hagen and co-workers, and Mizelle and co-workers, and the 
Davis test. 

The grapefruit used throughout this work was the Florida Duncan variety, 
harvested Nevember 1965 through January 1966. 

The procedure is as follews: 


ike A 100 ml sample consisting of both grapefruit juice and sacs 


was blended for one minute in a Waring blendor and then filtered through 
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glass wool. 

A 50 ml sample of the filtrate was placed in a 250 ml round 

bottomed flask and concentrated with a rotary vacuum evaporator and 
filter pump (aspirator) at 45° to a viscous residue. 

This residue was readily transferred to a 15 ml centrifuge tube 

with a disposable pipette, 15 cm long. The volume of residue 

in most cases was found to be about 8 ml. The flask was rinsed with 
just enough water to adjust the volume in the centrifuge tube to 

10 ml. The flask was then rerinsed with several portions of methyl 
alcohol to give a 15 ml sample of juice-water-methyl alcohol in the 
centrifuge tube. 

The contents of the centrifuge tube were well mixed and centrifuged 
at top speed for 5 min in an International Clinical centrifuge 

model CL. 

A 15 wl sample of the supernatant from step h was streaked with 

a disposable micro-pipette accurate to within 1% or less, along a 

16 em long pencil line drawn on a firm, non-flaky polyamide adsorbent 
contained on a 20 x 20 cm glass plate. The firm, non-flaky poly- 
amide adsorbent was prepared as follows: A mixture of 0.8 g of rice 
starch, 0.4 g of silica gel (Fisher No. 1 impalpable powder) and 

9 ml of water in a covered 20 ml beaker was heated for 4O min on a 
steam bath with occasional stirring. Water (1-2 ml) was added 
during the heating as needed to prevent caking. This mixture was rinsed 
with 3 ml of water into a 100 ml beaker containing 5.5 g of Woelm 
polyamide powder and 35-40 ml of methanol. This mixture was stirred 
and then blended in a Waring blendor microcup for 3 min. The result- 
ing mixture was spread as a 250 uw thick layer on 20 x 20 cm glass 


plates and allowed to dry 2 hr at room temperature before use. 
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The pencil line does not destroy the layers and the firmness of 

this adsorbent layer helped to insure against mechanical loss. 

The chromatoplate was developed twice in the 5:2, nitromethane- 

methyl alcohol system reported by Hagen and co-workers. By develop- 

ing the chromatoplate twice a better separation was achieved between 

naringin and na rigenimeTat act newtaes Each development required 

about 45 min at 25° in a rectangular thin-layer chromatographic tank 

with a filter paper liner. 

After development, the plate was allowed to dry and lightly sprayed 

with 1% AlCl, in ethy 1p 1cohol and exposed to UV light (3660 A) Both 
i 

naringin and its tasteless isomer appear as bright yellow fluorescent 

bands. 

The naringin band located by its yellow fluorescence in step 7 and 

also by the use of an authentic naringin marker, Re 0.31, was out- 

lined with a pencil and the area was lightly sprayed with water. 

The naringenin-78-rutinoside has an Rp value of 0.38. The damp 

polyamide-naringin area was scraped from the plate and placed in a 

10 x 75 mm test tube (a small soft brush was used for brushing the 

scraped area clean). The water spray prevents the formation of an 

electrostatic charge, which could cause a loss while scraping. 

Into the test tube containing the scrapings was added from a burette 

1.50 ml of the test reagent. The test reagent consisted of 125 ml 

methyl alcohol, 112 ml diethylene glycol, 13 ml water and 5 ml of 

4N aqueous sodium hydroxide. The scrapings and reagent were well 

mixed by syringing with a disposable pipette. This procedure elutes 

the naringin from the polyamide and initiates the formation of a 


yellow color which should be allowed to develop for 10 minutes before 
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reading in a colorimeter. 


The test tube was stoppered and centrifuged at top speed for 3 min. 


‘The clear supernatant was removed with a disposable pipette and 


transferred to a clean 10 x 75 mm test tube. 
The intensity of color was determined with an Evelyn photoelectric 
colorimeter using a blue filter (420 mu) against a blank carried 
through the procedure from step 6. An adapter, to accomodate 
matched test tubes 10 x 75 mm, was placed in the tube holder. A 
minimum volume of 0.8 ml of sample was required. Any colorimeter 
that can handle micro samples could be used. 
The galvanometer reading, T (% transmittance), was converted to A 
(absorbancy) by (A = 2 - log, T), from which the micrograms of 
navingin were determined from a standard ‘curve. 
The standard curve was prepared as follows: A standard solution 
of chromatographically pure naringin in methyl alcohol-water Re ye 
containing 1 wg naringin per microliter was prepared. Nine light 
pencil lines, each 16 cm long, were drawn on a TLC plate composed 
of the same thin-layer adsorbent used in the procedure (step 5). 
Aliquots from 5 to 40 microliters in 5 microliter increments of the 
standard naringin sample were applied with disposable micro-pipettes 
along the entire length of eight of the pencil lines. The first 
line contained 5 ug of naringin, the second 10 ug, and so on through 
4O ug along the eighth line. The ninth line was used in preparing 
the blank. The plate was lightly sprayed with emer and the 
procedure starting with step 8 was carried through step 11. 

The galvanometer reading was converted to absorbancy as in step 12 
of the procedure and plotted along the ordinate versus the correspond - 


ing ug of naringin along the abscissa. Standard curves were also 


a oe 


¢ Pl ten ‘<0 
ain £ tot feeqe qot de veptttanen baat 
bre otdegly afdsacqahb # cttw bevens anv : sua 


ee 


-odut Seat om ¢7 x OL neaio 9 of b 

ofitesioatorg nef ov ge citiw bantwsered sew tooo to titan’ 
tebrseo sneld 8 Junteus (ays OS) reoltt ould. yates ‘hiuasellas - ; 
stabowosce of ~.tedqehe cA .3 qeta mont exibascg odd Heuorsid ae 

A .tebfod sdut odd at fedsig aaw umm OT x OF sedud tset derfoJem : 2 
tetanhwie. yok bot tuper saw alquaa to im 8.0 to emulov muutate 
bea od blyoo solgues aeeth sifnad aes ont 

A oJ Settevaco asw .(eenedtiwanend #) T untoaor teteroneviay eT 
to utetuotota. ofS dokdw mort “tt get «8 = A) yd Tyonsdsoads } 
ais itebaste 8 mort benicretah ore aigatten 

cmivulon biefneda A :awollot ae berageiq aaw evauo Biabande sur 


Ca: <S1f) wstaw-Sodooles Ivdism of ataatten anu ies igemesneord 20 - 
ddglf eolf .beraaerg aew 198i horis seq ada one a 
= : 


banoqaoo ataly OTT a no owertb stew .paol mo or . 


{2 qotn) atsboseng oft ot beay foodtonba 10% [. 


x | ¥) ~ ¢ 
eit to adaewetomt sotiforoim & mi axedtforsls 08 of & 


= 


aadtsqiq-oistm afiaaocealbh dtiw beliggas o19W siqmas hee 


LAP . 
Jenlt eft seat floneq ods to tipi ae dtgacl 2 ? i tf my 


nmeordy so os baa .au OL banose ods intackaen to ay 2 bs wd aor 
potveyeq ot Keay enw ontt dintn sdf onit ates od dt 2 ‘. 
edt. bra goin ashe beysige ae me la ae ei 
‘ons ‘um iigiiondd bobrreo abduicilh: pers es fe 
sf gers. at #8 qounusonde oF bosucuey om 
~ Pascry ates £00 wid aueiey otantiso sno: : 


oats. afew vane ravens kde 


prepared by developing the standard naringin samples in the 
nitromethane-methyl alcohol solvent system and scraping from the 

plates in the same manner as the grapefruit samples, as well as, by 

the direct addition of the various standard naringin samples to the 
test reagents both with and without the addition of mbes and polyamide. 
In all cases the standard curves were essentially superimposable and 
obeyed Beer's law throughout the 5 ug to 4O ug range studied. 

The precision of the method can be seen in the first table which 
shows the results of five 50 ml aliquots from the same 500 ml sample 
of grapefruit juice carried through the procedure by different 
investigators. Also, a series of seven aliquots from a different 
sample of grapefruit juice gave a mean value of 10.4 wg of naringin 
per 15 microliters of sample chromatographed. The percent standard 
deviation was 1.6. 

The accuracy of the procedure was tested by investigating the 
percent recovery of various amounts of naringin added to a “base” 
sample of grapefruit juice found in the precision studies to contain 
10.4 us of naringin per 15 microliters of sample chromatographed. 
The enriched samples were carried through the procedure. Table @ 
shows the recovery of added naringin. 

Experiments were conducted to determine the concentration of naringin in 
three different varieties of fresh grapefruit and in a commercial canned grape- 
fruit juice. The samples were carried through the procedure and the results 
are shown in Table 3. 

This analytical method for naringin can be performed on a routine basis 
in both research and plant laboratories. The use of both juice and sacs in 
step 1 was to obtain a realistic commer¢ial juice sample. The sample sizes 


in steps 1 and 2 are arbitrary, The addition of methyl alcohol (acetone also 
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works well) in step 3 coagulates the suspended solids thereby aiding their 
separation by centifugation. The precipitated solids and any residue remain- 
ing in the flask after rinsing in step 3 were examined by sodium borohydride- 
hydrochloric acid; magnesium-hydrochloric acid and thin-layer chromatography. 
All the solid residues were virtually free of flavonoid material. The addition 
of methyl alcohol also affords a supernatant which has better streaking 
qualities such as lower viscosity and higher volatility than juice alone. 

The sample in step 5 should be applied as a smooth, even streak. This 
will aid in obtaining a clean separation of naringin from naringenin-7B- 
rutinoside. With care and experience, one can effect a clean separation with 
only one development. The Rp values are 0.31 for naringin and 0.38 for 
naringenin-7B-rutinoside. However, two developments are recommended. 

Various experiments were conducted in which both the naringin area and 
the naringenin-7f-rutinoside area were removed and separately rechromatographed 
to see if either area contained any of the corresponding isomer. The separation 
was adequate in all cases where the application and removal of sample had been 
properly performed and overloading had not occurred. 

The diethylene glycol in the test reagent enhances the intensity of the 
yellow color over that seen in methyl alcohol. Diethylene glycol was the most 
effective of several glycols tested for this color enhancement. The ratio of 
diethylene glycol to methyl alcohol in the test reagent was chosen to afford 
the best compromise between color enhancement and viscosity. Clarification 
of the sample in step 10 is partially dependent upon a system of low viscosity. 

The yellow color, which is due to the naringin chalcone formed by the action 
of sodium hydroxide on naringin, is fully developed after 10 min and is stable 
for at least 20 hr. The adsorbent system was shown not to develop color with 
the test reagent. 

This accurate and relatively rapid method for naringin would be applicable 
in investigations where the amounts of naringin and naringenin-7PR-rutinoside 


are to be compared and in correlation studies for bitterness. 
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Table 1. Determination of two flavanone glycosides in five identical 


aliquots of grapefruit juice. 


ee 


Aliquot ug of flavanone alycosides/15 microliters of grapefruit 
No. juice chromatographed. 

eae naringin naringenin-/B-rutinoside 

1 15.3 5.4 

2 15.4 Syne 

3 15.4 | 2-3 

hk 15.6 spe 

2 fee ie tg Bioko 

mean 1575 5.4 


Table 2. Recovery of naringin added to a "base" sample of grapefruit juice. 


toe ug of naringin — ug of naringin ug of recover- % recovery 


added per 15 found in Pale ed naringin of added 
ul of juice ul of juice? ; naringin 

1b @) 10.4 0.0 0.0 

2 » at Dae 106.0 

3 10 2073 9.9 99-0 

L is 25 1520 100.0 

5 20 30.5 20.1 | 100.5 

6 25 chau au T 98.8 

id 30 1O.0 29.6 98.6 

8 35 45.5 35.1 100.2 


&@ Samples 1-8 contained an average of 10.4 ug of naringin in addition to 
the known amounts of added naringin. 


"Base" sample. 


c 
Average of triplicate determinations. 
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Table 3. Concentration of naringin in the juice of three 
different varieties of fresh grapefruit and a commercial 


canned grapefruit juice. 
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Grapefruit ug naringin per 15 ul of 
sample chromatographed 


Duncan 15.4 

Mott® trace 
Marsh seedless 10.8 

Canned juice 16.6 

a 


The Mott grapefruit matures earlier than the Duncan or 


Marsh seedless and is in general, considerably less bitter. 
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ABSTRACT 


THE EFFECT OF TEMPERATURE ON THE QUALITY AND COLOR 
OF TEXAS RED GRAPEFRUIT 


by 
Albert E. purcel12/, Roger H. Young-/, Ee BEES Schultz, gr.3/, 
and Filmore I. Meredith~ 

From previous work at the Weslaco Laboratory it was found 
that the maximum concentration of lycopene occurs in Texas red 
grapefruit between August 15 and September 10. It was believed that 
an environmental factor was involved in the decline of lycopene. 
Weather records showed that the first cool nights occurred 
during this time. Temperature decline was suspected to be a 
factor initiating the loss of lycopene in the fruit. 

The experiment involved two seasons' work. Small potted 
grapefruit trees with two to eight fruit were used in the first 
eateort Small grapefruit seedlings with l-inch-diameter 
grapefruit grafted on were used in the second season in place 
of the potted trees. 

The potted trees were placed in two environmental chambers. 
The temperature of chamber No. 1 was 95° F. during the day and 
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85° F. at night. The second chamber was held at 60° F. during 
the day and 40° F. at night. The day length was 8 hours and the 
night length was 16 hours. Weekly samples of fruit were taken 
from trees in both chambers. 

In the second season's work the grafted seedlings were 
sorted into three groups containing fruit of equal sizes. The 
individual fruit were numbered from 1 to 100. Group 1 was placed 
into a chamber with 95° F. day and 85° F. night temperature. 
Group 2 was placed into a chamber with 70° F. day and BOC ks 
night temperature. Group 3 was placed in full sunlight out of 
doors and was comparable in location to the trees in a grove. 

The grafted seedlings in Groups l, 2, and 3 were held under 

these conditions for 139 days until November 22. Fruit samples 
were taken every 2 weeks. Fruit samples were weighed, peeled, 
weighed again, and blended for analyses. Aliquots of the blended 
samples were taken for carotene-lycopene, Brix, acid, and 
naringin determinations. Color and peel thickness was measured 
on the peel of the fruit. 

The fruit in the 95°/85° F. chamber maintained a dark 
green peel color while the fruit in the 70°/60° F. and 60°/40° F. 
chambers lost its green color and turned a lemon yellow. The 
peel thickness decreased in all the treatments with the 


95° /85° F. treatment having the largest decrease. 
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The lycopene content of the fruit increased in the 95° /85° F. 
treatment. Within 2 weeks after being placed in the chambers the 
lycopene content of the fruit from the 70°/60° F. and 60°/40° F. 
chambers decreased. The Brix remained constant in the fruit from 
the 95°/85° F. chamber and the 70°/60° F. chenver. Brix increased 
in the fruit from the 60°/40° F. chamber. The acid increased 
in the 60°/40° F. treatment and decreased in the other treatments. 
The Brix/acid ratio increased in all of the temperature treatments. 
The naringin content remained constant through all of the various 
temperature treatments. 

From the results of two seasons' studies it is concluded 
that declining environmental temperature in the fall is primarily 


responsible for loss of lycopene in Texas Ruby Red grapefruit. 
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EVALUATION OF WURVAC 
A. I. Morgan, Jr., and J. L. Bomben 
Western Utilization Research and Development Division 


Western Regional Research Laboratory 
Albany, California 94710 


Abstract 


The recovery of aroma from food products by most of the methods in 
commercial use today requires boiling at atmospheric pressure, For 
some products, such as citrus juices, this high temperature heat damages 
the product. 

The WURVAC process for recovering the volatile aroma fraction of 
food products uses a vacuum to obtain the desirable low temperature and 
a unique gas compression technique to absorb the volatile materials in 
any suitable solvent, 

A pilot plant WURVAC unit was built in our laboratory. The feed 
juice (120 lbs/hr) was stripped of volatiles at temperatures between 
120 and 180° F. The vapor was fed to a packed stripping column where 
nitrogen, bled into the vacuum system, stripped the volatiles immedi- 
ately from the boiling condensate, The volatiles were then absorbed 
in a liquid-sealed vacuum pump where the nitrogen carrying the volatiles 
was compressed and intimately mixed with the circulating sealant, double- 
distilled water. By this process aroma solutions of 150- to 200-fold 
(volume of aroma solution/volume of feed juice) were made. 

With the use of gas-liquid chromatography of headspace vapors, the 
effects of changes in operating conditions, such as temperature of 


evaporation, degree of concentration, reboil rate, and nitrogen bleed 
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rate, were measured, Oil and chemical oxygen demand (COD) analyses 
provided additional means of evaluating the operating conditions. In the 
case of orange juice, evaporation of 20% of the feed at 180° F, gave 
conditions in which 90% of the volatiles were removed, and at the same time 
the juice was pasteurized, Neither the stripped juice nor the aroma solu- 
tion showed any detectable damage under these conditions, 

Concentrates were fortified using aroma solutions made by the WURVAC 
process, These concentrates were compared organoleptically and chromato- 
graphically with concentrates containing pasteurized, single-strength 
"cutback juice", A panel of 15 trained judges was used to evaluate the 
different treatments by triangle test. Reconstituted juices were judged 
for both aroma and flavor differences under completely independent condi- 
tions, Some of the samples were also ranked on the basis of most to least 
like fresh orange juice aroma, All evaluations were conducted in individual 
booths equipped with dim lights to eliminate influence from any possible 
color or appearance difference between samples. The booths were maintained 
at 70 + 2° F, with a constant flow of odor free air. First, samples were 
presented in glass covered ruby red cups, and the panel was instructed to 
judge on the basis of aroma alone. After completing this evaluation the 
judges were presented with the same samples in 4-oz paper cups for flavor 
comparison. Order of presentation was randomized and each treatment 
appeared as the odd sample an equal number of times, After a decision was 
made on the odd sample in each triangle, the judges were also asked to 
indicate which sample or samples had the fresher orange aroma or flavor. 
Each comparison for flavor and aroma was repeated twice giving a total of 


30 judgments. 
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Those products containing the aroma solutions were judged as being 
more like fresh orange juice. With the use of these aroma solutions and 
orange oil it becomes possible to make high quality orange concentrates 
of 55° Brix or more containing all the original aroma constituents, 
instead of a 45° Brix "cutback" concentrate containing only about 8% of 


the water-soluble aroma constituents, 
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Figure |. Schematic diagram of WURVAC Process. 
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EXPERIENCES WITH BROMATE METHOD OF ESTIMATING 
RECOVERABLE OIL IN CITRUS JUICES 
by 
W. Clifford Scott and M. K. Veldhuis 
Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


INTRODUCTION 

Subsequent to the first public description of the bromate method at the 
1965 Conference, a number of industry research and control laboratory supervisors 
obtained the necessary equipment and supplies to begin critical evaluation of 
it. Naturally, many nodifications of the method were tried, some of which 
resulted in slight decreases in preciaion. In April, 1966, questionnaires 
were mailed to 25 research or control laboratories asking for an accounting 
of experience with the method. Replies were received from 17, two of whom 
had not tried the method. Replies from the other 15 are the principal source 
of information for this paper. 

REVIEW OF METHOD 

For the benefit of those who may not be familiar with the method, the 
essentials are as follows: To twenty-five ml of citrus juice in a 500-ml 
boiling flask, add 25 ml of 2-propanol. Attach a specially designed foam-trap 
connecting tube and coil condenser, and distill approximately 30 ml of 
condensate into a 150-ml beaker. To the beaker add 10 ml dil HCl add 1 drop 
of methyl orange indicator, then titrate with 0.025N potassium bromide-bromate 
solution to the disappearance of color. Multiply ml of titrant by 0.004 to 
obtain percentage of recoverable oil in the sample. 

A detailed description of the apparatus and method, with supporting data, 
was published in the June issue of the Journal of the Association of Official 


Analytical Chemists. 
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Before discussing results of the survey we would like to review some 
individual experiences. Informal reports have been received from time to 
time that, with certain types of juice products, very large differences were 
found between recoveries by the bromate and Clevenger methods. In each 
instance in which portions of these juices were made available to us, we ran 
comparative tests and obtained differences no greater than 0.005% oil. We 
have suggested that, when such wide differences were found, the residual 
juice from the Clevenger determination be tested for oil by the bromate method. 
Table 1 illustrates results of this type of investigation. The first three 
samples, tested in our laboratory in duplicate, were from a laboratory which 
had reported recovering twice as much oil by the bromate as by the Clevenger 
method. We found appreciable differences between the two methods, but they 
were fairly constant at three oil levels, therefore the factorial difference 
of two was not substantiated. 

Results of examination of another sample, tested in triplicate in an 
industry laboratory, are also shown in this table by permission. Discrepancies 
between the methods were quite wide in two of the replications as shown in 
column three. When the residue was tested by the bromate method, it was 
clearly shown that Clevenger recoveries were inconsistent as well as incomplete. 

The approximately 0.001% oil found in the residues from our Clevenger 
tests is probably a water-soluble fraction of the oil not recoverable in the 
trap. The water-soluble, bromine-reactive material found in the trap is not 
shown separately on the table because it was consistently found to be about 
0.0002% of the 1500 ml sample. When the oil contents of pot and trap residues 
were added to the Clevenger values, their differences from the bromate values 


were fairly constant as shown in the last column. 
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RESULTS OF SURVEY 

Equipment Modifications 

Thirteen of the 15 respondents used the recommended glassware, with such 
minor variations as flat-bottomed flasks, or automatic dispensing and 
titrating burettes. The two others used standard diacetyl apparatus without 
modification (1000 ml flask, standard taper connecting tube without trap, 
and a 300 mm condenser). One laboratory used one set-up of recommended 
glassware and one diacetyl set-up. 

Further results of the survey are summarized in Table 2. 
Comparison with Clevenger Method 

Although the bromate method always gave higher results, eleven respondents 
observed no correlation between values. Laboratories designated as 2, 7, and 
13 expressed a factorial difference, with Clevenger recoveries running from 
74 to 89% of those by the bromate method. Laboratory 13 summarized data from 
more than 75 comparative tests as follows: with four inspectors running 
Clevengers and two laboratory technicians running bromate titrations on 
reconstituted FCOJ, the latter method gave higher recoveries by an avarage 
Of 0.003%. This agrees with data compiled in our Laboratory during development 
of the new method. 
Comparison with Other Rapid Methods 

Seven of the 15 respondents were either not using a short method or had 
not made comparative tests. Laboratory 2 reported 12.5% higher recovery by 
the bromate method, and four others reported only that the bromate have higher 
recoveries. Laboratories 5 and 11 reported equal precision between the two 
methods, and Laboratory 12 reported greater precision with the turbidimetric 
method (this laboratory used diacetyl equipment only for the bromate test). 


All of the eight who made comparisons reported that they preferred the bromate 
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method because of its reliability and its extended range of usefulness (at 
least 10-fold). 
Accuracy in Recovery of Added Oil 

Of the l2 respondents reporting tests on the recovery of added freshly 
distilled orange oil, eight had obtained recoveries with tog of the amount 
added (e.g., .0200 £000} ), two reported 95% recovery, and Laboratory 12 
reported about 88% recovery at 0.160% added oil and 120% recovery at 
0.00125% added oil. This low recovery ar high oil concentration is emphasized 
to illustrate what can happen when operating conditions vary widely from 
those recommended. In this case standard diacetyl equipment was used, and 
7> ml of water were added to the 1000 ml boiling flask in addition to the 
recommended 25 ml each of sample and 2-propanol. Apparently, considerably 
more than the recommended 30 ml of distillate was obtained, as reference 
was made to large quantities of water possibly contributing to an obscure 
endpoint. These deviations from recommended practice may be responsible for 
erratic and/or low recoveries from high oil samples. The excess recovery 
at the 0.00125% oil level illustrates that precision of the method does 
have limits: 120% recovery gave a reading of 0.0015% oil, an error which 
we do not consider detrimental to the usefulness of the method. 
Precision in Replications by One Operator 

No laboratory reported variations in replicate determinations by a 
single operator to exceed 0.001% oil. 
Precision in Replications by Multiple Operators ee, 

Only two laboratories reported variations greater than 0.001%,when a 
sample was tested by more than one operator. No explanation is available 
for the 0.005% variation experienced by Laboratory 4, as their tests were 


presumably limited to single strength or reconstituted juices. Laboratory 15, 
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2 
however, is connected with a plant that produces citrus oils, and it is 
probable that the samples which produced this result contained very high 
proportions of oil. ‘Their report bore the remark that they had found it 
necessary to exercise extreme care in order to obtain a representative 
sample. Similar remarks were made by two other respondents. 

Difficulties encountered 

Difficulty in observing the methyl orange endpoint and erratic results 
have already been mentioned. We believe this problem can be solved by 
maintaining optimum ratios between water, alcohol, acid and indicator. Our 
experience indicates that alcohol content should be maintained between 
40 and 70%, with a maximum solution volume of 60 ml. 
| Another laboratory reported breakage of distilling flasks due to their 
having boiled dry while unattended. Tests were conducted in that laboratory 
with additional water, and it was found that up to 25 ml did not affect 
results. 

One laboratory reported that, when the sample contains appreciable 
solids, as in centrifuge cream or extractor peel grit, a single distillation 
does not recover all the oil. ‘Two or three successive additions of 2-propanol 
to the sample in the distilling flask resulted in successful recovery of all 
the oil, while doubling or tripling the alcohol content for a single 
distillation did not. High temperature cooking following distillation 
of the first portion of alcohol apparently serves to destroy oil-cell 
structure sufficiently to permit extraction and distillation of the oil 
with the next portion of alcohol. 

SUMMARY AND CONCLUSIONS 
The preponderance of evidence to date indicates that there is no 


factorial relationship between oil recoveries by the Clevenger and the bromate 
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methods. Although one careful operator might establish an additive relation- 
ship, the correlation would not apply among multiple operators. Reports from 
15 laboratories indicate that the method is inherently precise and accurate, 
and is rapid and convenient to use. Principal precautions to be observed 

are (1) the small size of sample greatly increases the importance of 
exercising extreme care to make sure that the 25-ml sample is representative, 
and (2) that proper ratios between alcohol, acid, water, indicator, and 
d-limonene be maintained by limiting the volume of distillate plus titrant 

to about 60 ml (40-70% alcohol). 

It is planned that sufficient additional data will be obtained during 
the coming season, by formal collaboration of several laboratories, to 
justify requesting the Association of Official Analytical Chemists to adopt 
the bromate method as an Official Method for the determination of recoverable 


oil in citrus juice products. 
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Table 1. Comparison of oil recoveries by bromate and 
Clevenger methods. 


PERCENT RECOVERABLE OIL 


Bromate Clevenger Difference fPot.& trap Net 
method method residue Gitte 
(A B) (A-B) (Cc) (A)-(B+C) 
.0082 0047 .004 0014 002 
.0082 0041 004 -0007 003 
.0128 .0083 005 .OO14 003 
-0130 -0100 sous .0014 002 
.0154 -0120 -003 0013 .002 
.0156 20133 .002 -0012 ASE). 
0418 <Oe( 5015 SOLS 002 
0425 .038 005 SOUT - .002 
0425 .024 .019 Aah keg .002 


Table 2. Summarized experiences of 15 industry laboratories 
evaluating the bromate method. 
Lab. Comparison of methods Error in Variations in 


No. Clevenger Quick Oil recov... of % oil recov. by 
added oil 1 Oper. Sev.Oper. 


1 ne .0006 0010 
2 .89B +12.5% 4 .0001 .OO10 
3 ne t1 .0002 0004 
4 ne fe) .0010 .0050 
. ne iden. VG VG 

6 ne + 0.2 0001 0002 
" -TUB + ee VG VG 

8 ne + 0 VG VG 

9 ne 5 .0008 
10 ne + VG 
ae ne iden. a .0001 .0001 
12 ne - -12 .0006 

+20 

13 -.003 .0010 .0010 
14 ne +2 VG VG 


Fee . 80B 5 VG 0100 
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FLAVORING EFFECTS OF NOOTKATONE IN GRAPEFRUIT JUICE 
Robert E. Berry nine G. Moshonas 
Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 

During the investigation of the composition of the various citrus oils, 
a primary question in the mind of the research chemist is "What compound or 
group of compounds are responsible for the flavor and aroma of each oil?". 
Good answers have been presented for lemon and lime and work is proceeding 
to find the answers for orange and tangerine. Today, I would like to talk 
about a sesquiterpene ketone umamed nootkatone, the one constituent found in 
both grapefruit peel oil and peel sil free grapefruit juice that has been 
shown to be a primary grapefruit flavor agent. More specifically, I would 
like to discuss the "flavoring effects of nootkatone in grapefruit juice”. 

Allow me to briefly summarize the endeavors of past researchers. 
Nootkatone was originally characterized as a heartwood constituent of Alaskan 
yellow cedar by Erdtman and Hirose in 1962. In 1964, MacLeod and Buiges of 
the USDA Laboratory in Pasadena reported nootkatone to be a constituent in 
grapefruit peel oil and juice....stating at that time that "the flavor intensity 
of grapefruit oil appears to be related to the relative abundance of nootkatone”". 
In 1965 Dr. MacLeod published the structure of nootkatone which is shown in 
Fig. 1. Also in 1965 Dr. G. L. K. Hunter and Mr. W. B. Brogden, Jr., reporting 
from our Laboratory, presented the synthesis of nootkatone from valencme, a 
sesqu iterpene hydrocarbon isolated from orange oil. This reaction is shown 
ty Gees 

Although correlations have been observed between nootkatone content and 
general quality of grapefruit peel oil, the actual influence of nootkatone on 


taste of grapefruit products in a normally consumed form had not been established. 
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Its taste threshold was determined to be from 20 to 40 ppm in 32° Baume 
aqueous sucrose by MacLeod and Buigues in 1964. It would not however, 
necessarily be the same in single strength grapefruit juice. When synthetic 
nootkatone was added to juice prepared from reconstituted foam-mat dried 
grapefruit crystals, and this was tested in our taste lab. it became apparent 
that the level of 20 to 40 ppm gave the juice a bitter taste and appeared far 
above the threshold. We then began to wonder whether this is due to trace 
impurities in the synthesized nootkatone or to the flavor of nootkatone itself. 
Since no threshold data were available on the relative effects of nootkatone 
on flavor of single strength grapefruit juice as normally consumed our 
laboratory made a study to establish this taste threshold, as well as, to 
determine at what level the presence of nootkatone would be beneficial. 

In order to provide information on the relative influence of nootkatone 
on the flavor and aroma of single strength juice, as well as, the possible 
interference of any impurities in synthetic nootkatone, four samples of 
nootkatone were used. These were: 1) natural nootkatone separated from 
grapefruit peel oil; 2) synthetic nootkatone purified once by GLC; 3) 
synthetic nootkatone with repeated GLC purification, and 4) crystalline 
nootkatone. 

To obtain the natural nootkatone, Florida cold pressed grapefruit oil 
was distilled on an Arthur F. Smith Rota-Film Molecular still at 1mm Hg pressure 
at 60°C to remove the large quantity of limonene. The nootkatone remained in 
the residue. This residue was redistilled in a Nester Faust spinning band 
semi-micro column and the fraction collected at 120° - 150°C at lmm Hg pressure 
contained the nootkatone. The nootkatone was made chromatographially pure 
by GLC. 

The synthetic nootkatone was made from valencene which had been obtained 


from cold-pressed Florida orange peel oil. The valencene was oxidized to 
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nootkatone by the method described by Hunter and Brogden. One sample of this 
synthetic nootkatone was purified by a single chromatographing which will be 
referred to as normal purification. 

Another sample was chromatographed repeatedly by two different columns 
until there were no further detectable trace impurities, and will be referred 
to as purified synthetic nootkatone. 

The fourth and final sample of nootkatone to be tested was chromatograph- 

ically purified and then crystallized twice from cold hexane as described by 
MacLeod and Buigues. This yielded white crystals of nootkatone with a melting 
point of 35° to 36°C. Identifications were made by infrared and mass spectros- 
copy. 

After numerous attempts at uniform distribution of nootkatone in an 
aqueous medium were made, excellent results were obtained when the nootkatone 
was dissolved in a minimum of alcohol and this solution diluted with glycerine 
to form a stock solution. For a stock solution, 25 ul of nootkatone were 
dissolved in 3ml of 95% ethanol. This ethanol solution was then dissolved in 
25 ml of glycerine. This gave a uniform dispersion which when diluted for 
taste studies did not contain enough ethanol to interfer. 

Usually taste samples were made up in 1200 ml batches. To the experimental 
batch was added the required amount of nootkatone stock solution by injecting 
it from a micro syringe into the grapefruit crystals in the bottom of a beaker. 
Cold water was then added to the crystals and they were dissolved by stirring. 
Control batches were made in a similar manner without nootkatone. There was 
never more that 1°F difference between samples when they were presented to 
the tasters. 

All taste evaluations were made using the triangle or paired comparison 


tests. For triangle taste tests, 12 experienced tasters were each given two 
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presentations and asked to indicate which sample was different. When the 
triangle tests were used, however, many of the tasters reported that there 
was a lingering bitter aftertaste which made evaluation of more than two 
samples very difficult. Therefore, most evaluations with juice were carried 
out by paried comparison tests. For paired comparisons tests, either 15 
tasters were presented single pairs, or 13 tasters were each given two pairs 
and asked which sample they preferred, or which sample they though contained 
nootkatone, or which was more bitter. These tests were also found to be more 
reliable when small pieces of unsalted soda crackers were provided for the 
tasters to chew between samples. 

Tests were designed to determine the threshold level of nootkatone in 
distilled water and in 10.5° Brix grapefruit juice reconstituted from foam-mat 
dried grapefruit crystals with and without "locked-in" grapefruit peel oil. 
Several tests were used to determine whether a bitterness was attributable 
to nootkatone at certain levels. 

Before studies were made of the threshold of nootkatone in juice a base 
threshold in water was desired. For the determination of the threshold in 
water, tests were made at a level which would normally be expected in grape- 
fruit juice and the results are shown in Table 3. This Table shows that the 
taste threshold of nootkatone in distilled water is 1 ppm at a confidence 
level of 1% for natural and synthetic pure and 1 ppm at confidence level of 
0.1% synthetic normal. 

Taste thresholds were then studied in single strength grapefruit juice 
containing oil. Analysis indicate that the base level of the nootkatone 
already in the juice crystals, plus that in the "locked-in" oil to be 0.3 to 
0.5 ppm. This is still below the threshold in water. Results of this study 
are shawn in Table 2. Data reported here refer to amounts of added nootkatone 


above this base. Thus, it appears that the lowest detectable concentration 
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is 5 to 6 times higher in juice than in pure water. The nootkatone crystals 
had the same threshold as the other samples indicating trace impurities in 
the other samples were of little influence on flavor. When this test was 
repeated in juice reconstituted from foam-mat dried crystals without added 
oil, a reduction of about 1 ppm was found in the threshold, as will be 

seen in Table 3. 

During the testing of these samples there were several comments from 
tasters concerning the lingering bitterness they observed, especially in samples 
of higher nootkatone content. In a test to determine the relative influence 
of nootkatone on bitterness, three levels above the threshold were compared 
in juice from crystals without oil. Samples containing 6 ppm added nootkatone 
were compared to samples containing 9 ppm added nootkatone for preference 
and degree of bitterness by paired comparison. There was no significant 
difference. As a final study of this question, samples of 6 ppm added 
nootkatone were compared to controls containing no added nootkatone and tasters 
were asked to judge the pair according to bitterness. The sample containing 
the added nootkatone was judged more bitter at the 1.0% confidence level. 

In a final study to determine the most desirable level of nootkatone, it 
was found that samples of 6 or 7 ppm nootkatone were preferred when compared 
to controls with no added nootkatone. These samples were judged to have 
better aroma and fuller flavor. 

The conclusions of this study were that nootkatone has a taste threshold 
of about 1 ppm in distilled water and about 5 or 6 ppm in grapefruit juice. 
Near threshold level, nootkatone contributes to grapefruit aroma and flavor 
and was found beneficial. However, if the level was increased much above 


8 ppm an unpleasant taste was encountered which was noticed by most tasters. 
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Table 1. 


Sample 


Natural 
Natural 
Natural 


Synthetic pure 


Taste thresholds of nootkatone in pure water using 
triangle taste tests. 


Synthetic normal 


Table 2. 


Level ppm 


0.5 
1.0 
3.0 
1.0 


1.0 


Confidence 
level 


Not significant 


1 


0.1 


Taste threshold of nootkatone in single strength 
grapefruit juice reconstituted from foam-mat dried crystals with 


0.005% "locked-in" oil. 
Confidence 


Sample Level ppm 
Natural h 
Natural 4 
Natural 6 
Synthetic pure 5 
Synthetic pure 6 
Synthetic pure 5 
Synthetic normal 6 
Crystals 5 
Crystals 6 


level % 

Not significant 
y) 
sf 

Not significant 
2 

Not significant 
1 

Not significant 


1 


Type test 
Triangle 
Pair 
Pair 
Pair 
Pair 
Pair 
Pair 
Pair 


Pair 
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Table 3. Taste threshold of nootkatone in single strength 
juice reconstituted from foam-mat dried crystals without added 
OL: 

Confidence 


Sample Level ppm level Type test 
Natural 3 Not significant Triangle 
Natural 4 Not significant Triangle 
Natural h 1 Pair 
Natural 5 1 Pair 
Synthetic pure 4 Not significant Pair 
Synthetic pure 5 f Pair 
Synthetic normal 4 Not significant Pair 


Synthetic normal 5 1 Pair 
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Fiziol, Structure of nootkatone. 


W.D. MacLeod, Jr., Tetrahedron Letters, 52, 4779(1965). 
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valencene nootkatone 


Eigiee. Conversion of valencene to nootkatone. 


G.L.K. Hunter & W.B. Brogden, Jr., J. Food Sci. 30, 876(1965) 
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A REVIEW OF FREEZE-DRYING STUDIES AT WINTER 
HAVEN ON CITRUS PRODUCTS 
Mia ae oe 


James L. Froscher and Robert E, Berry 
Southern Utilization Research and Development Division 


Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


During the past year a project has been originated which has as its 
objective the study of the freeze-drying characteristics of sub-tropical 
fruits. The project is broadly organized around two general areas. These 
are (1) fundamental investigations: determining the basic physics and 
chemistry of the freeze-drying process, and (2) applied investigations: 
the development of conditions for the optimum dehydration of products by 
the freeze-drying technique. 

In order to be able to efficiently study freeze-drying of citrus fruits, 
and other products, freezing point data were needed. The freezing phase 
is considered by many to be entirely as important as drying for the prepara- 
tion of products of high quality. For example, products such as meats or 
fruit juices must be properly frozen before drying in order to retain desired 
organoleptic properties after rehydration. 

In a number of previously published works it has been shown that freeze 
drying is most efficient, and the products are of highest quality, when the 
product is not allowed to rise above its incipient melting point, until 
practically all of the water has been renoved. It has also been shown 
previously that as a material becomes more solidly frozen, the electrical 
resistance of that material increases at an increasing rate. Thus, as a 
beginning stage of the study of freeze-drying, we began to measure the degree 
of solidification at different temperatures in several different types of 
food materials, using a measure of electrical resistance and particularly 


the rate of change in resistance as a measure of solidification. 
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freezing 

These/points and electrical resistance measurements were made on a 
number of materials with very different characteristics. These ranged from 
aqueous extracts, such as coffee, through aqueous mixtures of soluble 
materials with dispersed insoluble solids, as represented by citrus juices, 
and also included vegetable cellular material consisting of ground celery 
and animal cellular material consisting of meats. 

The apparatus used for these freezing point determinations consisted 
of a mechanically stirred insulated freezing dry-ice/alcohol bath, into 
which was immersed four electrically insulated 38 by 200 mm Pyrex test tubes 
which were used as the freezing cells. Each cell had immersed in it two 
stainless steel 28 mm wide and 44 mm high electrodes on long rubber-insulated 
leads. The electrodes were curved to fit just inside the perimeter of the 
tube. Insulated stainless steel leads were used to connect these cells to 
the measuring instrument. 

There has been considerable question in previous studies about the 
influence of polarizing voltages and currents when very high voltages are 
used at low temperatures particularly in solutions of high electrolyte content. 
For this reason we studied these freezing point resistances with both direct 
current where polarizing voltages might exist, as well as with alternating 
current, where they should not. For direct current an Eico model 965 bridge 
analyzer was used as a measuring device. With alternating current an AC 
meter was used. Alternating current was provided by passing 60 oycle, 117 
volt line voltage through a step-up transformer and a variable rheostat. 
Variable voltages up to 500 volts were applied across the electrodes in the 
freezing cell and the current passing across the electrodes was measured 
over the desired temperature range. From the voltage and the measured 


current the resistance of the sample was calculated by Ohm's law. 
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The samples were lowered in temperature until the resistance was 
higher than 500 megohms. Temperature was then increased slowly and change 
in resistance with change in temperature was plotted graphically. 

As expected, the resistance of all samples increased markedly with 
lower temperatures. Single strength coffee and single strength orange 
juice had the higher resistances at higher temperatures (f.p.2-27°C and 
-34°C respectively). Most meat samples required lower temperatures for the 
higher resistances, (ranging from -50° to -60°C). It was also noted that 
the greater rate of change, that is , the greatest change in slope of the curve, 
appeared at approximately the 100 megohm resistance point with nearly all 
samples. Also it was noted that as the resistance approached the 500 megohm 
point the resistance rapidly approached infinity. Thus, not knowing what 
specific resistance value might be of principal influence, we made note 
particularly of the 100 and 500 megohm points for a number of samples in 
order to be better able to compare their electrical activity under these 
conditions. There were only a few degrees difference in temperature between 
these points. 

Generally, the more complex a sample was the lower was its freezing 
point. For example, the meat samples were probably among the more complex 
materials studied, and they required the lowest temperatures to reach the 
resistances of 100 or 500 megohms(in the range of -50° to -60°C). Of course, 
none of these samples could be considered simple, but probably the citrus 
juices are simpler eirerenc es than the meats, and coffee is probably among 
the simplest of the samples, being mainly dissolved and dispersed colloidal 
materials. Citrus juices ranged from -35(11° Brix)to -48°C(57° Brix) coffee 
ranged from -30°C(2.5% sol'n) to -42°C(20% sol'n). Among any given material 


the higher the concentration the lower the freezing point. Orange concentrate, 
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for example required -40° and -45°C respectively, for the 100 and 500 megohm 
points for a 57° Brix concentrate, while the corresponding temperatures 
were -38°C and -42°¢ for 30° Brix concentrate, and -35°C and -39°C for 11° 
Brix juice. Similar results are noted with grapefruit juice and coffee. 

When similar data were obtained on these materials using alternating 
current instead of direct current a number of similarities were observed, 
as well as certain differences. The curves were very similar in shape to 
those obtained using direct current. However, the values, particularly of 
resistance, were considerably lower. Whereas, with DC the principal break 
in the curve was around 100 megohms, with AC the principal break occurred 
around 1 to 2 megohms. Whereas the region where resistance approaches 
infinity occurred around 500 megohms with DC, with AC it occurred around 
LO megohms. 

Using this region, around the 10 megohm resistance point, for comparison 
of different products, it was seen that the relative positions of these 
different products were about the same as observed previously with DC. 

Single strength coffee(at about -23°C) was followed by ss orange juice 
(=-30°C) then 22° Brix orange concentrate (=-32°C), ss lime juice(s.-34°C) 
then the different meat samples, (-35° to -45°C) with cooked beef requiring 
the lowest temperatures of all. 

The temperature points of the maximum break in the curves, that is the 
maximum rate of change of resistance with change in temperature were about 
the same with both the AC and the DC methods, particularly for citrus products. 
This was wa-25°C for ss coffee, -30°C for ss orange juice, and -34 for ss 
lime juice. With meat samples, however, there was around 5 to 10°C difference 
in the temperatures corresponding to respective areas of the curves. By 
DC measurements temperature requirements for meat samples were lower by 


5 to 10°C, than those indicated during AC measurements (Range of -55 to -60° 
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with DC as opposed to -45 to -50° with AC). 

A few applied studies have also been carried out on freeze drying 
during this time. Although we have not had sufficient experience to attempt 
to optimize conditions for any product, these precursory runs have shown 
some of the problems which need consideration and have given insight into 
techniques and procedures. 

Conditions of drying for two non-citrus products were studied. Celery 
in 1/4" slices was dried at a max. platen temperature of 135°F and after 
drying time of 32 hours produced a product with very good flavor but having 
a fairly poor and prolonged reconstitution time. Whole cooked shrimp was 
dried at a temperature of 85°F for 25 hours and a good quality product with 
moisture content of 2.5% was produced. In the first case work is needed 
on reconstitution and in the second case on reduction of final product 
moisture. In both cases, it would be desirable to develop a system requiring 
shorter drying time. 

A few preliminary drying runs have also been made on citrus products. 
These have included citrus sections and single strength orange juice. We 
have produced dehydrated sections from temple oranges, tangerines, and 
grapefruit. They have all had good flavor but fairly high mositure content, 
and relatively poor reconstitution rates. The grapefruit sections were most 
difficult to reconstitute. In the production of freeze-dried orange juice 
we have conducted two preliminary experiments. In one we compared low 
(=1 1/2 Lb. /ft*) to higher (<3 1b/tt* ) dryer load and in the other we 
compared two different product forms, one ground to a very fine powder (less 
than 20 mesh) and the other to coarse chunks. When low dryer load was used 
a very good product, with good reconstitution and 1.5% moisture content was 
produced. A similar run using twice the load required almost twice as long 


to dry and had a much higher moisture content with a number of wet spots 
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in the trays. In the comparison of different grinds, it was found that 
the fine grind product dried to a lower moisture content than the coarse 
grind product, under identical conditions. This would imply that residual 
moisture content, and possibly drying time could be to some extent controlled 
by the original form of the initial Rach 

To summarize, most of our work on freeze-drying to date has been 
exploratory. It is obvious that very low temperatures will be required to 
bring about complete freezing prior to freeze-drying of most materials. 
A system based on measure of electrical properties can be used for determination 
of freezing points. The system described here is simple, easy to operate, 
and would be easily set up in a plant. Freeze-drying rates and the quality 
of the final product are without question directly related to the form of 
the original material and to the conditions of drying. A number of fairly 
good products have been produced by freeze-drying, but conditions that are 
optimum for drying rates, and product quality have not been developed yet. 
No information is available as yet concerning the storage stability of these 


products and its relationship to drying conditions. 
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RECOVERY OF PIGMENTS FROM ORANGE PEEL AND USE IN 
ENHANCING COLOR OF ORANGE JUICE 
by 
James F. Fisher, Theo. J. Kew and Harold E. Nordby 
Southern Utilization Research and Development Division 
Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


This paper is presented as a progress report and should not be considered 
as a completed piece of work. 
In view of the Florida regulations concerning the addition of non- 

citrus ingredients to citrus products, we are investigating the possibility 

of extracting the orange coloring material from citrus peel relatively 

free of an undesirable taste. This colored citrus material might then be 

used to enhance the appearance of pale orange juice. 

It should be pointed out that the extraction of orange color from 

orange peel is not a problem. However, obtaining this color free of 

unwanted taste is a problem. Most of the steps in the following tentative 

procedures are mainly directed at removing the unfavorable taste constituents. 
A deep orange colored material relatively free of undesirable taste 

is obtained from good colored Valencia orange peel. This colored material 

is extracted, processed and used to enhance the appearance of light colored 

orange juice by the following procedure. 

i Thirty pounds of good orange colored Valencia orange peel (these 
oranges were picked during the height of the Valencia season) is 
extracted with 8-10 liters of n-hexane in a Waring blendor at room 
temperature. 

ie The extract is filtered and evaporated to an orange colored residue 
of approximately 100 ml. 

oe This residue is chromatographed on a column of silica gel using 


n-hexane and 3% acetone-hexane for elution. An orange colored band 
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which separated from the chlorophyll and yellow pigments is collected. 
The solvent from this orange colored fraction is removed and the 
residue rechromatographed on a column of magnesium oxide, again 


using hexane and 3% acetone-hexane. 


h. The orange colored band is collected and the solvent removed in vacuo. 
Be Water is added to the residue and the vacuum distillation at approximately 


4O°C is continued until the added water is essentially removed. 

Ge If the consistency of the deep orange colored residue is liquid 
enough it is added dropwise with shaking to the pale juice. However, 
if the residue is too viscous for this it is dispersed in orange 
juice by mechanical agitation. 


tee The color enhancement is determined with a MacBeth color comparator. 


When we add the color enhancer dropwise, 1-4 drops is sufficient to 
raise 50 ml of substandard juice of about 34 points by the MacBeth system 
to an acceptable 36-38 points. 

The color enhanced juice was tested in a taste panel, which was conducted 
in the following manner. The color enhanced juice samples were distributed 
without a control sample. A reply to the question "What do you think of 
this juice?" was requested - 88 out of 8) people responded favorably. 

Where the color enhanced juice was subjected to a triangle taste test and 
the panel was asked to select the different sample, the color enhanced 
juice was selected without difficulty. However, numerous participants 
remarked that while the colored juice tasted different it was not an 
objectionable taste difference. 

The tentative procedure just outlined requires both simplification 
and refinements but appears to work reasonably well if prime Valencia 


orange peel is employed. Shortly after this work was started we ran out 
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of our good orange colored peel and were forced to use peel that had 
already entered the regreening process. With this peel the procedure 
afforded material with less color but even more disturbing the colored 
material had an undesirable taste. 
In the regreening process the carotenoid synthesis declines while 
the chlorophyll synthesis increases. It may be that other, perhaps undesirable 
taste, constituents such as certain flavonoids also build up. 
Dr. Lyle Swift of our Laboratory has shown that several of the 
aglycosidic flavonoids of orange peel have undesirable tastes. On the 
assumption that such compounds may be increasing in the regreening peel 
and carried through the procedure, we removed them by cooling the residue 
in step 2 and bubbling-through it anhydrous hydrochloric acid which 
precipitates flavonoids and similarly oxygenated compounds as their 
oxonium salts. The mixture at this point is dark green. It is refrigerated 
at 40°F for several hours and filtered. The filtrate is placed in vacuo 
to remove some dissolved hydrochloric acid and then swirled with a few 
pellets of sodium hydroxide, which returns the orange color. 
While this procedure works well for removing flavonoids as their 
oxonium salts, it does not improve the taste of the color SAECn Ley 
neither is it detrimental to the taste. We have tentatively concluded 
that our taste problem with less orange colored peel is not due to flavonoids. 
This has been a tangent of interest rather than the main approach which 
of course is to extract good colored peel. 
In lieu of good colored peel we have tried pulp but that which we 
have tried lacks sufficient color. 


We have tangerine peel and are preparing to explore its use. 
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In summary we appear to have, on the basis of a few experiments, a 
tentative procedure which will extract from good colored orange peel a 
coloring material relatively free of an undesirable taste. 
The quantity of color enhancer obtained from the peel in one box of 
fruit is estimated to be sufficient to raise 5-10 gallons of substandard 


juice to an acceptable color value. 
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